We present a census of variable stars in six M31 dwarf spheroidal satellites observed with the Hubble Space Telescope. We detect 870 RR Lyrae (RRL) stars in the fields of And I (296), II (251), III (111), XV (117), XVI (8), XXVIII (87). We also detect a total of 15 Anomalous Cepheids, three Eclipsing Binaries, and seven field RRL stars compatible with being members of the M31 halo or the Giant Stellar Stream. We derive robust and homogeneous distances to the six galaxies using different methods based on the properties of the RRL stars. Working with the up-to-date set of Period-Wesenheit (I, B -I) relations published by Marconi et al., we obtain distance moduli of µ 0 = [24. 49, 24.16, 24.36, 24.42, 23.70, 24.43] mag (respectively), with systematic uncertainties of 0.08 mag and statistical uncertainties < 0.11 mag. We have considered an enlarged sample of sixteen M31 satellites with published variability studies, and compared their pulsational observables (e.g., periods, amplitudes), with those of fifteen Milky Way satellites for which similar data are available. The properties of the (strictly old) RRL in both satellite systems do not show any significant difference. In particular, we found a strikingly similar correlation between the mean period distribution of the fundamental RRL pulsators (RRab) and the mean metallicities of the galaxies. This indicates that the old RRL progenitors were similar at the early stage in the two environments, suggesting very similar characteristics for the earliest stages of evolution of both satellite systems.
INTRODUCTION
RR Lyrae variable stars (RRLs) are unambiguous stellar tracers of an old (>10 Gyr) stellar population. As such, they are a fossil record of the early stages of galaxy evolution. Their pulsational properties and their position in the color-magnitude diagram (CMD) -on the horizontal branch (HB), ∼3 mag above the old main sequence turn-off (oMSTO)-make RRLs easily identifiable objects even beyond the Local Group (LG; Da Costa et al. 2010) . They are excellent distance indicators, and powerful tools to investigate the early evolution of the host stellar system, since their metallicity can be inferred from their pulsational properties (see e.g., Jeffery et al. 2011; Nemec et al. 2013; Martínez-Vázquez et al. 2016a , and references therein). Thus, RRL can provide valuable information on the nature of the building-blocks of large galaxies such as the Milky Way (MW) or M31 (see, e.g., Fiorentino et al. 2015; Monelli et al. 2017) . Indeed, in the last few years, the study of the populations of RRL in galaxies has become increasingly relevant for research on galaxy formation and evolution in addition to the more classical field of stellar astrophysics.
Basically, RRL have been detected in all the dwarf galaxies where they have been searched for. At least one RRL has been found in all very low mass (-8 M V -1.5;) dwarf spheroidal (dSph) galaxies (see, e.g., Baker & Willman 2015; Vivas et al. 2016 and references therein) . In many brighter dSph galaxies (-13 M V -9), both satellites and isolated, the number of RRL is greater than ≈100. In this way, they are statistically sufficient to study in detail, for example, possible radial gradients in the old stellar populations of their host galaxies (e.g., Bernard et al. 2008; Martínez-Vázquez et al. 2015 , 2016a . The great advance in observational studies of RRLs in nearby dwarf galaxies (see discussion in § 5) has led to a much better understanding of their relative distributions in dwarf galaxies of different morphological type. The study of variable stars in satellites of the Andromeda galaxy (And, M31) is largely incomplete. This has been long due to two main reasons: i) their (relatively) faint apparent magnitude (V ∼25 mag), and ii) the stellar crowding. The first successful attempt to identify RRL stars in the M31 halo was achieved by Pritchet & van den Bergh (1987) , using Canada-France-Hawaii telescope data. and detected candidate RRL stars in the dwarf elliptical M31 satelThese observations are associated with programs #13028 and #13739.
clara.marvaz@gmail.com lites NGC185 and NGC147. Nevertheless, with the advent of the Hubble Space Telescope (HST) it was possible to reach well below the HB. This allowed the first determination of the properties of RRL stars in the M31 field and its satellites. Based on WFPC2 data, the discovery of RRL stars was reported in And I (Da Costa et al. 1996) , And II (Da Costa et al. 2000) and And III . The population of variable stars detected in the three galaxies were later analyzed in detail by Pritzl et al. (2004, And II) and Pritzl et al. (2005, And I and And III) . Additionally, And VI was studied by Pritzl et al. (2002) on the basis of data of comparable quality. Since then, the number of known satellites of M31 has increased dramatically, primarily due to the PAndAS survey (McConnachie et al. 2009) . With a few exceptions (And XI, And XIII, Yang & Sarajedini 2012; And XIX; Cusano et al. 2013 ; And XXI; Cusano et al. 2015; And XXV; Cusano et al. 2016 ) most of them have not been investigated for stellar variability. Moreover, the knowledge of the properties of RRL stars in M31 itself and in the largest satellites (M32, M33) is limited to a few ACS fields and is far from being complete.
Under the ISLAndS 1 project (based on very deep, multi-epoch HST ACS and WFC3 data), six M31 dSph satellite companion galaxies were observed: And I, And II, And III, And XV, And XVI and And XXVIII. The main goal of this project is to determine whether the star formation histories (SFHs) of the M31 dSph satellites show notable differences from those of the MW. The project is described in more detail in the project presentation paper (Skillman et al. 2017 ) while the first results concerning the SFH of And II and And XVI were presented in Weisz et al. (2014) and Monelli et al. (2016) .
In order to complement these previous studies, this paper focuses on the study of variable stars -mainly RRLs, but also Anomalous Cepheids (ACs)-present in the six ISLAndS galaxies. The data obtained within the framework of this project have allowed us to increase by a factor 2-3.4 the number of known variable stars and the quality of the light curves in And I, And II, and And III compared to previous studies (Pritzl et al. 2004 (Pritzl et al. , 2005 . On the other hand, this project provides the first discoveries of variable stars in And XV, And XVI, and And XXVIII, although an analysis of the RRL in AndXVI within the context of its SFH has been presented in Monelli et al. (2016) ; for homogeneity with the rest of the observed ISLAndS galaxies, in this work we reanalyzed the And XVI variable stars from scratch obtaining slightly refined values. This paper is structured as follows. In § 2 we present a summary of the observations and data reduction. In § 3 we describe the variable star detection and classification, while § 4 focuses on the properties of RRL stars. The properties of the HB and of RRL stars of M31 satellites are compared to those of MW dwarfs in § 5. RRL stars are used in § 6 to derive new, homogeneous distances to the six galaxies. Furthermore, distance estimations based on the tip of the red giant branch (TRGB) are provided for the three most massive galaxies (And I, II, and III). Finally, ACs and eclipsing binary (EB) candidates are also presented in § 7.1 and § 7.2, respectively. We note that in the on-line version of the paper we provide full details on all the variable stars discussed: time-series photometry, light curves (LCs), and mean photometric and pulsational properties. Table 1 presents a compilation of updated values for the position of the center (RA and Dec, column 2 and 3, respectively), absolute M V magnitude (column 4), reddening (E(B-V ), column 5) and structural parameters -ellipticity (ǫ, column 6), position angle (PA, column 7), half-light radius (r h , column 8) and tidal radius (r t , column 9)-for each of the six observed galaxies under the ISLAndS project (hereafter called ISLAndS galaxies).
OBSERVATIONS AND DATA REDUCTION
The data for these six ISLAndS galaxies have been obtained under proposals GO-13028 and GO-13739 , for a total of 111 HST orbits. They consist of one ACS pointing on the central region and a WFC3 parallel field (at 6 ′ from the ACS center) for each galaxy. For further details about the ACS and WFC3 field location, the reader is referred to Figure 4 by Skillman et al. (2017) , where the strategy and the description of the ISLAndS project is explained in depth.
For both cameras, the F 475W and F 814W passbands were chosen. The observing strategy was designed in order to optimize the phase coverage of short period variables (between 0.3 and 1.2 d), specifically RRL and AC stars. In particular, the observations were spread over a few days (from two to five), and the visits were planned to avoid accumulation of data around the same time of day, in order to avoid aliasing problems around 0.5 or 1 day periods. An overview of the observing runs is provided in Table 2 , which specifies, for each galaxy (column 1), the beginning and ending dates (column 2), and the number of orbits obtained (column 3). For an optimal sampling of the light curves, each orbit was split into one F 475W and one F 814W exposures, yielding the same number of epochs in each band for each galaxy. Detailed observing logs are presented in the Appendix A (Tables A1, A2 , A3, A4, A5, and A6).
The photometry has been homogeneously performed with the DAOPHOT/ALLFRAME suite of routines, following the prescriptions described in Monelli et al. (2010) , for both the ACS and parallel WFC3 fields. The photometric catalogs have been calibrated to the VEGAMAG photometric systems adopting the updated zero points from the instrument web page.
VARIABLE STARS IDENTIFICATION
Candidate RRL stars and ACs were searched for in a rectangular region of the CMD with a width that covers the full color range of the HB, and with height between ∼1.5 mag fainter than the HB to the magnitude of the TRGB, i.e., enclosing the instability strip (IS) where RRL stars and ACs are located 2 . We visually inspected the LCs of all the stars in this region, without any cut on a variability index. The number of candidates ranged from 201 in And XVI to 7414 in And I. The periodogram was calculated between 0.2 and 10 days, a range which encompasses all the possible periods of RRL stars and ACs. Pulsational parameters were derived for the confirmed variables sources. Using widget based software, we first estimate the period of candidate variables through the Fourier analysis of the time series, following the prescription of Horne & Baliunas (1986) . The analysis is refined by visual inspection of the LCs in both bands simultaneously in order to fine-tune the period. The intensity-averaged magnitudes and amplitudes of the mono-periodic light curves were obtained by fitting the LCs with a set of templates partly based on the set of Layden et al. (1999) following the procedure described in Bernard et al. (2009) . We expect that the completeness of both the RRL star and AC samples are 100% within each pointing for the following reasons: i) the search for candidates, described above, insures that any star showing brightness variations has been visual inspected; ii) according to the artificial star tests presented in Skillman et al. (2017) , the photometric completeness at the magnitude of the HB (and above) is about 100%; and iii) the amplitude of the RRLs and ACs pulsations are significantly larger than the magnitude uncertainty in the region of the HB and above.
The classification of variable stars was based on their pulsational properties (period and amplitude), LCs, and positions on the CMD. Table 3 summarizes the total number of different types of variable stars detected. Most of them are RRL stars (870 in the dwarfs + 7 field stars), while a few are ACs (15) and EBs (3). Each variable type will be described in more detail in the subsequent sections.
The individual F 475W and F 814W measurements Table 1 . Positions and structural parameters for the ISLAndS galaxies. Ibata et al. (2007) , (4) Slater et al. (2015) , (5) Tollerud et al. (2013) . (time-series) for all the detected variables are available in Appendix B (Tables B7, B8, B9, B10, B11 , and B12). The typical photometric uncertainties on individual measurements are of the order of 0.07 mag and 0.06 mag in F 475W and F 814W , respectively, for the most distant galaxy (And I), while for the nearest galaxy (And XVI) it is of the order of 0.04 mag in both passbands. The variable stars were named with a prefix which refers to the galaxy, followed by "V", indicating that the star is a variable (e.g., "AndI-V") and a number which increases with increasing right ascension. Interestingly, we note that no variable stars were detected in the parallel fields (WFC3) of And XV, And XVI, and And XXVIII, in agreement with the visual appearance of the CMD that does not show any obvious evolutionary sequence (HB, RGB, nor the more populous main sequence turn-off). We also note that the RRL stars of And XVI were already presented in Monelli et al. (2016) , but are included in this work as well for completeness. As some of our target galaxies have been previously investigated for variability (And I: Pritzl et al. 2005; And II: Pritzl et al. 2004; And III: Pritzl et al. 2005) , a detailed comparison is presented in Appendix C.
The derived values of the pulsational properties (period, amplitudes, mean magnitudes) for the variable stars detected in the different galaxies are presented in Appendix D (Tables D16, D17 , D18, D19, D20, and D21). These tables include the star name, position (RA, Dec), period, mean magnitude and amplitude in the F 475W , F 814W , B, V and I passbands, and the classification. We note that the HST magnitudes in the VEGAMAG system were transformed to the Johnson system using the calibration provided by Bernard et al. (2009) . The main purpose of this conversion from F 475W and F 814W magnitudes to Johnson BV I is not only to allow comparison with observations of variable stars in globular clusters (GCs) and other galaxies reported in the literature (see § 5) but also for using the period-luminosity relations (for example to obtain distances, as we do in § 6) or the Bailey (periodamplitude) diagram (see § 4) that are most commonly used in the V band.
We display in Figure 1 the CMDs of the ACS fields of the six galaxies highlighting in them the different types of variable stars detected: RRL stars (blue stars symbols for those dSph members and green open circles for field RRL stars), ACs (red circles) and EBs (magenta triangles). Table 3 displays the number of detected variables of each type in the ACS fields. The CMD of And I shows clearly the contamination of the M31 Giant Stellar Stream (GSS, Ibata et al. 2001; Ferguson et al. 2002; McConnachie et al. 2003) as shown by the presence of a second, redder RGB and red clump visible in the CMD. In particular, we have found 5 RRL stars with properties compatible with membership in the GSS (see § 4.2).
RRLs were detected in all six galaxies with as few as 8 (in And XVI
3 ) and as a many as 296 (in And I). The striking difference in the number of RRL between And XVI and And XV, despite having a similar mass, can be explained as a consequence of their different SFHs: the mass fraction already in place at old ages (10 Gyr ago) was only about 50% in And XVI, while it was 90% in And XV (see Figure 7 in Skillman et al. 2017) .
A few (3-4) ACs are present in And II, III, XV, and XXVIII, but none have been detected in And I nor in And XVI. This is not surprising in the case of the latter, due to its low mass 4 . The lack of ACs is however And XXVIII Figure 1 . CMDs of the ACS fields for each ISLAndS galaxy. The And I CMD shows a significant contamination from M31 Giant Stellar Stream (Ibata et al. 2001; Ferguson et al. 2002; McConnachie et al. 2003 CMDs of the parallel WFC3 fields for the three ISLAndS galaxy where there is still a relevant stellar population. Variable stars are overplotted. As in Figure 1 , blue stars represent the RRL stars, and magenta triangles are the probable eclipsing binaries. In the case of the And I CMD, the contamination from M31 Giant Stellar Stream (Ibata et al. 2001; Ferguson et al. 2002; McConnachie et al. 2003 ) is still present. The black ellipses represent the half-light radius (r h ) for each galaxy (column 6 in Table 1 ).
remarkable in the case of And I, as no other massive dSph presents such a dearth of ACs (see § 7.1). Nevertheless, the high mean metallicity (Kalirai et al. 2010 ) may explain such occurrence. Figure 2 presents the CMDs for the parallel WFC3 fields of And I, II, and III, where variable stars have been detected. The symbols are the same as in Figure 1 . The presence of the GSS is also noticeable in the CMD of the parallel WFC3 field of And I. For the cases of And XV, XVI, and XXVIII, the parallel WFC3 field do not show a significant component of the galaxy; in fact, no variable stars have been detected.
Figures 3 and 4 present the spatial distribution of variable stars in the six galaxies, as detected by the two cameras. The black ellipses represent the half-light radius (column 6 in Table 1 ). These two plots show that the area covered for the six galaxies is far from being complete. Nevertheless, for four of the six galaxies we cover beyond the half-light radius, thus implying that the large majority of RRL stars have been detected. Wide-field, ground based photometric follow-up would be valuable to complete the census, especially in the case of the largest galaxies.
RR LYRAE STARS

Mean properties and Bailey diagrams
RRL stars are low-mass (∼ 0.6 -0.8M ⊙ ) and radially pulsating variable stars with periods ranging from 0.2 to 1.0 d and V amplitudes from 0.2 to 2 mag. They are found in stellar systems which host an old (t > 10 Gyr) stellar population (Walker 1989; Smith 1995; Catelan & Smith 2015) . A total of 870 RRL stars were detected and characterized in the six ISLAndS galaxies. Table 4 summarizes, for each galaxy, the number of fundamental (RRab), first overtone (RRc) and doublemode (RRd) pulsators in both the ACS and WFC3 fields of view. Different types of RRL stars are usually easy to classify on the basis of a visual inspection of the light curve and the period. RRab stars are characterized by longer periods (∼0.45-1.0 days) and saw-tooth light curves, with a steep rise up to the maximum and a less steep fall to the minimum. RRc have shorter periods (∼0.2-0.45 days), lower amplitudes (A V 0.8) and almost sinusoidal light variations. Conversely, RRd stars have usually periods around 0.4 d and their light curves are particularly noisy due to simultaneous pulsation in the fundamental mode and first overtone. Figure 5 presents an example RRL light curve for each galaxy. Black and gray points are used for data in the F 475W and F 814W passbands, respectively. Open symbols are used to indicate outlier measurements that have not been taken into account in deriving the pulsational properties. We emphasize that the whole set Table 1 ). The WFC3 fields are not shown here because the CMDs of these three fields do not have any evidence of a satellite stellar population. AndXXVIII-V001 p=0.642 Figure 5 . Examples of light curves of member RRL stars from each of the six ISLAndS galaxies in the F 475W (black) and F 814W (gray) bands. Periods (in days) are given in the lower-right corner, while the name of the variable is displayed in the left-hand side of each panel. Open symbols show the data-points for which the uncertainties are larger than 3-σ above the mean error of a given star; these data were not used in periods and mean magnitudes calculations. All RRL light curves are available in the electronic edition of The Astrophysical Journal.
of light curves is available in the electronic edition of this paper. Additionally, the properties of the individual variable stars can be found in Appendix D. Figure 6 presents the period-amplitude (Bailey) diagram for the six galaxies (see caption for details). The plot shows the two different relations for the Oosterhoff types, represented in the plot by the dashed lines (Oosterhoff I and II, or Oo-I and Oo-II Cacciari et al. 2005) . As long known (Oosterhoff 1939 (Oosterhoff , 1944 , the properties of RRab stars divide Galactic GCs into two groups, called Oosterhoff I and Oosteroff II. The mean period of fundamental pulsators of the former group is shorter (P∼0.55 d) than the latter (P∼0.65). Although the origin of such behavior has not been fully explained, the Oosterhoff dichotomy appears to be related to the metallicity of the clusters, being the Oo-II stars more metalpoor, on average (e.g., see the review by Catelan 2009). On the other hand, dwarf galaxies do not show similar behavior, as the mean period of their RRab stars typically locates them in the Oosterhoff gap between the two Oostherhoof groups. For this reason, they have been often considered as Oosterhoff-intermediate types (see e.g., Kuehn et al. 2008; Bernard et al. 2009 Bernard et al. , 2010 Garofalo et al. 2013; Stetson et al. 2014; Cusano et al. 2015; Ordoñez & Sarajedini 2016) . Kunder et al. (2013) . Grey vertical lines mark the HASP limit defined by Fiorentino et al. (2015) (see text for further details). For the sake of clarity, RRd stars are not plotted. Table 5 summarizes the mean pulsational properties for the galaxies in our sample: the mean periods of RRab (< P ab >) and RRc (< P c >) type stars, the fraction of RRc (f c ) and of RRc+RRd (f cd ) stars, the fraction of Oo-I-like and Oo-II-like stars (defined below in this section), and the apparent mean magnitude in V -band (which will be used in § 6 for determining the distance to the galaxy). From the information in the Table, the six ISLAndS galaxies could also be considered Oosterhoffintermediate, since they have < P ab > ∼ 0.6 d. In this respect, the ISLAndS galaxies are similar to the MW dSph satellites. However, an intermediate mean period does not mean that the stars are distributed in the Bai-ley diagram between the two typical Oosterhoff lines. Figure 6 clearly shows that stars tend to clump around each Oosterhoff group locus, and with a predominance of Oo-I like stars. In fact, if we split the sample using the dotted, intermediate line, and classify stars as Oo-I like or Oo-II like according to their relative position with respect of this separator, four galaxies (And I, II, III, and XV) present a majority (∼80%) of Oo-I like stars (see Table 6 ). In the case of And I and II, the same result was found for the variable stars in the parallel WFC3.
And XXVIII is the exception, with a fraction of Oo-I like stars close to 50%. Moreover, the distribution of RRLs in the Bailey diagram is also different from the other And dSphs; the RRab stars show a broad spread and are not concentrated on either Oosterhoff line. And XXVIII is also peculiar for the large fraction of RRcd type stars, which represent ∼58% of the total. In the LG, if we exclude low-mass galaxies with very small samples of RRLs (<15, such as e.g., Bootes I and And XVI, see § 5.2), And XXVIII is the only galaxy with more RRcd than RRab type stars. Similar to And XXVIII, the galaxies with particularly large fraction of RRcd (Ursa Minor: 43%, Nemec et al. 1988; Sculptor: 46%, Martínez-Vázquez et al. 2016b; Tucana: 40%, Bernard et al. 2009 ) are all also characterized by the presence of a strong blue HB component. This may be connected to a sizable population of very metal-poor stars.
The black vertical line in Figure 6 marks the limit of the High Amplitude Short Period (HASP) region, defined by Fiorentino et al. (2015) as those RRab stars with periods shorter than 0.48 d and amplitudes in the V band larger than 0.75 mag. These stars are interpreted as the metal-rich tail of the metallicity distribution of RRL stars ([Fe/H]>-1.5), and have been found only in systems that were dense or massive enough to enrich to this metallicity before 10 Gyr ago . We confirm this trend with the six ISLAndS galaxies, as HASPs have only been detected in the two most massive satellite galaxies: And I (3 5 ) and And II (2). A detailed analysis of the chemical properties of RRL stars will be discussed in a forthcoming paper.
It is worth noting that a few stars with HASP properties were already identified in the catalogs by Pritzl et al. (2004) and Pritzl et al. (2005) for And II and And I, respectively. In the case of And I, we confirm the HASP nature of 3 out of the 7 stars, while the period was likely underestimated for the other 4, possibly due to aliasing (see Appendix C). However, we do not confirm any of the 8 HASP stars in And II (see the Appendix C for a detailed comparison with literature values). Nevertheless, we discovered 2 new HASPs in And I and 2 in And II, which are all located outside the WFPC2 field studied by Pritzl et al. (2004 Pritzl et al. ( , 2005 .
Five detected RR Lyrae stars from M31 GSS
Five RRLs in And I have mean magnitudes that are a few tenths of a magnitude fainter than the HB (three RRab: AndI-V053, AndI-V110 and AndI-V113; and two RRc: AndI-V257 and AndI-V280). We exclude the possibility that sampling problems of the light curve may be causing a bias toward fainter magnitudes. Possible explanations are: i) a significantly higher metal content, or ii) a distance effect. Assuming they are at the distance of And I, in order to explain such faint luminosity (0.45 mag fainter) a super solar metallicity is required. This value appears to be unlikely given the morphology of the CMD and the star formation history (Skillman et al. 2017) .
On the other hand, as indicated in the previous section, the CMD of And I shows that a significant contamination by the GSS is present along the line of sight to And I. In particular, And I is projected on the GSS "Field 3" studied by McConnachie et al. (2003) , which is located at 860±20 kpc according to the TRGB determination. To verify whether the faint RRL stars can be associated to the GSS, we first note that two of the three RRab are HASP RRL stars. This suggests that their metallicity is likely to be higher than -1.5 dex. Assuming [Fe/H]=-1.5 and using the period-Wesenheit relation described in § 6.2, we obtain a mean distance modulus of µ 0 =24.86 mag (sys=0.08; rand=0.11), for the five stars, corresponding to 937 kpc (sys=34; rand=47). This means that they are likely located ∼140 kpc beyond And I (d ⊙ ∼800 kpc, see § 6). Given the error bars, we conclude that the five faint RRL stars are compatible with being connected to the metal-poor component of the GSS (Gilbert et al. 2009 ) rather than members of And I.
PROPERTIES OF THE OLD POPULATION IN THE M31 AND MW SATELLITES SYSTEM
Comparing the HB morphologies of the MW and M31 satellites
Pioneering works by Da Costa et al. (1996, 2000, 2002) based on shallower WFPC2 data disclosed the first hint that the M31 satellites are characterized by redder HB morphology with respect to MW dwarfs. A similar conclusion was reached by Martin et al. (2017) , based on ACS data for 20 M31 galaxies. The analysis was based on a morphological index accounting for the number of blue and red HB stars. In this section we apply a similar approach, and taking advantage of the known number of Left -< P ab > for a sample of 41 dwarf galaxies reported in Table 6 (black dots) as a function of [Fe/H], compared to that of GCs (purple bowties). Right -Period distribution of the sample of dwarf galaxies and GCs. The peak of the former occurs at a period typical of the Oo-intermediate system, while the latter peaks in the short period regime, populated by Oo-I systems, which is devoid of galaxies.
of the six ISLAndS galaxies and of a sample of MW satellites. The latter consists of revised data for Carina, Fornax, Sculptor, Draco, and Leo II from the updated catalogs available in P. B. Stetson's database (Stetson 2017, priv. comm.) . These studies are part of an ongoing series of papers on variable stars in globular clusters and dwarf galaxies by ourselves and our collaborators (Stetson et al. 2014; Braga et al. 2015; Coppola et al. 2015; Martínez-Vázquez et al. 2016b; Braga et al. 2016; Fiorentino et al. 2017) .
The value of the R HB index was calculated in a homogeneous way considering only stars within 1 half-light radius, r h . This was possible for all of the galaxies except for And I and II, since the ACS only covers a fraction of such area (see Figure 3 ). In the case of the MW satellites, we estimated and subtracted the Galactic field-star contribution using a proper control field in the outskirts of each object. The exact limits in color and magnitude for the selection of HB stars for the R HB index were defined on a per-galaxy basis because of the variety of CMD morphology, filter bandpasses, and foreground contamination. However, these were carefully chosen to limit contamination from any RGB, AGB, RC, and blue straggler populations present, while also avoiding biases. Figure 7 shows, as a function of the host galaxy absolute M V magnitude, the R HB index calculated inside 1 r h for the MW (open diamonds) satellites and for the ISLAndS (stars) galaxies. And I and II are calculated over the full ACS area, which is smaller than 1 r h . The number of RRL stars (Lee 1990 ).
plot suggests that, at least in the innermost regions of the available samples, the M31 satellites have slightly redder HBs than the MW dSph satellites although the difference is within 2-σ. In fact, within 1 r h the mean value of R HB is more negative in the case of M31 galaxies (R HB,M31 = -0.58±0.07) than for the MW companions (R HB,MW = -0.37±0.06). However, we emphasize that the latter numbers may be biased due to the small subsample of satellites for which we have data in both MW and M31 systems.
It is worth mentioning that the present analysis presents several improvements when compared with previous ones (Harbeck et al. 2001; Martin et al. 2017) : i) the better photometric precision at the HB level, and the filter combination providing better color discriminating power, allows us to clearly separate the red HB from the blue edge of the RGB, even in the case of And I; ii) the larger field of view of ACS compared to WFPC2 provided a larger sample; iii) the up-to-date, wide field, homogeneous data available for the MW companions allowed us to perform the comparison in a more homogeneous manner; iv) the better phase coverage allowed us to derive better defined mean colors of RRL stars.
The current data do not allow us to fully explore whether the HB morphology presents significant variation as a function of galactocentric distance, i.e., distance from the center of each galaxy. Nevertheless, when considering the parallel WFC3 field for And I and And II, we derive larger values of the R HB index, and therefore an indication that the HB morphology gets bluer when moving to an external region. This is in agreement with what was found for other LG galaxies (e.g., Harbeck et al. 2001; Tolstoy et al. 2004; Cole et al. 2017) , and more in general with the populations gradients commonly found in dwarf galaxies (Hidalgo et al. 2013 , and references therein). In fact, when considering the area within 2 r h , the six galaxies tend to have bluer HB. Unfortunately, a straight comparison between the two satellite systems is complicated by the fraction of area covered. This leaves open the question of whether the HB morphology remains different at larger galactocentric distances, or whether M31 and MW satellites tend to be more similar when their global properties are taken into account. More widefield variability studies, particularly for the M31 satellites, would help solve this problem.
Global properties of RRL stars
In § 4 we presented the Bailey diagram of the ISLAndS galaxies and discussed their properties in terms of Oosterhoff classification. Despite the intermediate meanperiod, stars in the Bailey diagram still tend to clump around the Oo-type lines, with predominance of Oo-Ilike stars, rather than in between. Therefore, the period distribution provides a more detailed description than the mean period alone (Fiorentino et al. 2015 . In the previous subsection we have presented the evidence that M31 and MW satellites present slightly different HB morphology. We now focus on the properties of the RRL stars only. Table 6 lists the properties of the RRL in a sample of 41 dwarf galaxies (39 LG dwarfs + 2 Sculptor group dwarfs) of different morphological type within 2 Mpc (column 1): the number of RRab stars (column 2), the percent of Oo-I type and Oo-II type RRab stars (column 3 and 4), the number of RRcd stars (column 5), the fraction of RRcd stars over the total of the RRL (column 6) and the median and mean period of the RRab and RRcd stars (column 7, 8, 9, and 10) derived from the literature (references in column 11).
The left panel of Figure 8 shows the mean period of RRab type stars, < P ab > as a function of the mean metallicity of the host galaxy (left panel), for 16 satellites of M31 (filled orange stars) and 15 MW dwarfs (blue open diamonds). Galaxies with at least 5 known RRab stars have been included. The plot discloses that the mean period of RRab type stars decreases for increasing mean metallicity of the host system (Sandage et al. 1981) , for both the MW and the M31 satellites. The trend presents some scatter, but interestingly a linear fit to the data provides very similar slope (0.040±0.008 and 0.038±0.008, respectively), thus suggesting an overall similar behavior in the two satellite systems.
The decreasing mean period for increasing metallicity can be related to the early chemical evolution of the sample galaxies. On the one hand, the distribution of stars in the Bailey diagram suggests that galaxies tend to progressively populate the RRab short period range for increasing metallicity (and mass). This translates into a smaller mean period. It may appear intriguing that a property of a purely old stellar tracer correlates with the present-day mean metallicity of the host galaxy. This suggests that galaxies that today are more massive and more metal-rich on average also experienced faster early chemical evolution, which is imprinted in the properties of their RRL stars. This implies that the massmetallicity relation (e.g., Kirby et al. 2013) was in place at early epoch (Martínez-Vázquez et al. 2016b) .
The central panel of Figure 8 shows the mean period as a function of the fraction of Oo-I type stars, as defined in § 4. While there is no clear correlation for either satellite system, we find that the vast majority of galaxies host a larger fraction of Oo-I type stars, between 60 and 90% of the total amount of RRab stars. Nevertheless, the mean period of fundamental pulsators would classify them as Oo-intermediate system. Again, this suggests that the RRL stars in complex systems such as galaxies are not properly represented by a single parameter.
Finally, the right panel of Figure 8 shows the mean period distribution for the RRab in MW satellites (blue) and in M31 satellites (orange). Apparently, both of them are similar and their peaks agree within 1-σ.
The former analysis reveals that, if we limit the comparison to strictly old and well defined populations such that of RRL stars, there are no obvious differences between the RRL populations of the satellite systems of M31 and the MW. Figure 9 shows the behavior of P ab versus [Fe/H], but comparing a sample of 41 galaxies (black circles, including MW and M31 satellites, isolated dwarfs and two galaxies in the Sculptor group) with GCs (magenta bowtie symbols). We use here the compilation from Catelan (2009) , including all the GCs with more than 10 RRL stars. Galactic GCs, as well as clusters from the LMC and the Fornax dSph galaxy are shown. The plot shows that a few Oo-intermediate clusters overlap with galaxies in the Oosterhoff gap, but most off the Oo-I clusters (i.e., with P ab < 0.58) occupy a region of the parameter space where no galaxies are present -this holds even if we restrict the GC sample to those with 30 RRL or more. This is even more evident in the right panel of Figure 9 , which shows the mean period distributions of the two samples. It clearly shows that the peak for the galaxy distribution occurs at a period typical of Oo-intermediate systems, while the peak of the GCs occurs in the Oo-I regime.
DISTANCE MODULI
In the following, we use four independent methods to derive the distances to the six ISLAndS galaxies, the first three based on the properties of the RRL stars: i) the reddening-free period-Wesenheit relations (PWR, Marconi et al. 2015) ; ii) the luminosity-metallicity (M V versus [Fe/H]) relation (LMR, Bono et al. 2003; Clementini et al. 2003) ; iii) the first overtone blue edge (FOBE) relation (Caputo et al. 2000) ; these are supplemented by iv) the tip of the RGB (TRGB) method.
All the aforementioned relations require an assumption for the metal abundance. In particular, in the case of the PWR, LMR, and FOBE relation, we need to assume a metallicity corresponding to the old population (representative of the RRL stars). On the other hand, the TRGB method uses the metallicity of the RGB stars to obtain the expected mean color value of the TRGB. In complex systems like dwarf galaxies, the metallicity of the global population may range over ∼2 dex, and in many systems a mix of old and intermediate-age populations is present. However, the metallicity adopted for the methods based on RRL stars must be representative of the old stellar population. In the next section, we discuss in detail the choice of the metallicity in order to determine the distance to the six galaxies.
The choice of the metallicity
The metallicity estimates available in the literature for the ISLAndS galaxies are all based on CaT spectroscopy of bright RGB stars 7 . As the RGB can be populated by stars of any age larger than ∼1 Gyr, the derived metallicity distribution may not be representative of the RRL stars, since relatively young and/or more metal-rich populations may exist on the RGB but may not have counterparts among RRL stars (Martínez-Vázquez et al. 2016a) . As a consequence, assuming a mean metallicity that may be too high by 1.0 dex for the RRL stars would introduce a systematic error in the distance modulus estimates, at the level of ∼0.2 mag. Table 7 lists literature values for the mean metallicity (column 2) of ISLAndS galaxies, the σ of the metallicity distribution (column 3), and the number of RGB stars (column 4) used in these studies (references in column 5). Relatively low values were found for And III, And XV, And XVI, and And XXVIII, on average close to [Fe/H]∼-1.8 or lower. On the other hand, in the case of And I and And II, different authors (Kalirai et al. 2010; Ho et al. 2012 ) agree on a much higher mean metallicity ([Fe/H]∼-1.4), and a relatively large metallicity spread (σ AndI =0.37 dex, σ AndII =0.72 dex). Nevertheless, the small number of HASP stars (see § 4) suggests that, even if the tail of the RRL metallicity distribution reaches such relatively high values, the bulk of the RRL stars must have a lower metallicity ([Fe/H]<-1.5, Fiorentino et al. 2015) . Therefore, as representative values of the metallicity for the RRL population, we adopted -in agreement with their SFHs (Skillman et al. 2017) -[Fe/H]=-1.8 for And I and And II while, for the rest of the galaxies, we assume that the metallicity of the old population must to be quite similar to that obtained by the spectroscopic studies (see column 8).
The adopted mean metallicities for each ISLAndS galaxy are summarized in the second to last column of Table 7 . We note that the values have been homogenized to the scale of Carretta et al. (2009) . Column 2 reports the value in the original scale, which is specified in column 6. In those cases based on theoretical spectra, we applied a correction to take into account the different solar iron abundance (from log ǫ F e = 7.45 to 7.54), which translates to a distance modulus change between 0.01 mag in the case of the FOBE and 0.04 in the case of the LMR. Collins et al. (2015) (shown in the Table) . e As this σ is obtained from a small number of individual measurements, it may not be representative of the actual distribution.
The period-Wesenheit relations
PWRs are a powerful tool for distance determination, because they are reddening-free by construction and are only marginally metallicity dependent. They are theoretically described by:
where X and Y are magnitudes and W(X, X-Y ) denotes the reddening free Wesenheit magnitude (Madore 1982) obtained as W(X, X-Y )=X-R(X-Y ), where R is the ratio of total-to-selective absorption, R=A X /E(X-Y ).
An updated and very detailed analysis of the framework of the PWRs is provided by Marconi et al. (2015) . Their Tables 7 and 8 give a broad range of optical, optical-NIR, and NIR PWRs, along with their corresponding uncertainties. In particular, in this work, we use their PWR in the (I, B − I) filter combinations 8 :
which has an intrinsic dispersion of σ = 0.04 mag. For this relation, a metallicity change of 0.2 dex translates into a change in the distance of order 0.03 mag.
The theoretical W(I, B-I) was obtained from the individual stars assuming a metallicity for the old population (see column 8 in Table 7 and discussion of § 6.1). We next calculated the individual apparent Wesenheit magnitude as: w(I, B-I)=I-0.78(B-I). We report the 8 According to the equations obtained by Bernard et al. (2009) to transform F 475W and F 814W to Johnson-Cousins BV I, both B and V are transformed from F 475W . For this reason we cannot apply the metal-independent PWR (V , B − V ) published by Marconi et al. (2015) , because B and V are correlated.
distance moduli obtained by averaging individual estimates for the global sample (RRab + fundamentalized RRc: log P f und = log P RRc + 0.127; Bono et al. 2001) in columnn 2 of Table 8 . For comparison, if we use independently the sample of RRab and RRc, the values from the different determinations agree on average within ±0.04 mag. Column 2 of Table 8 reports the true distance moduli obtained for each galaxy using this method.
The luminosity-metallicity relation
The LMR is another simple, widely used approach to determine distances, in this case using the mean V magnitude of RRL stars. Despite the fact that both theoretical and empirical calibrations suggest that the relation is not linear (being steeper in the more metal-rich regime (see e.g., Caputo et al. 2000; Sandage & Tammann 2006; Cassisi & Salaris 2013 , and references therein), most examples in the literature use one of the different linear relations proposed.
In the present work, we adopted the following relations: from Bono et al. (2003) 9 . The latter is valid only for metallicity lower than [Fe/H]=-1.6, which is appropriate for the six ISLAndS galaxies (where the metallicity of the old population is considered to be [Fe/H]=-1.8 or lower). Columns 3 and 4 of Table 8 show the true distance moduli obtained using the two relations. They are in excellent agreement with each other and with those derived previously using the PWR.
The FOBE method
Another method that can be used to estimate the distance is based on the predicted period-luminositymetallicity relation (PLMR) for pulsators located along the FOBE of the IS (see Caputo et al. 2000) :
which has an intrinsic dispersion of σ V = 0.07 mag. This is considered a particularly robust technique for stellar systems with significant numbers of first-overtone RRL (RRc) stars, especially if the blue side of the IS is well populated. Thus, it can be applied safely to five of our six galaxies 10 (see Figure 6 ). The distance modulus is derived by matching the observed distribution of RRc stars to eq. 5. That is, for a given metallicity and a mass corresponding to the typical effective temperature for RRL stars, we shift the relation until the FOBE matches the observed distribution of RRc stars.
For the adopted metallicity listed in Table 7 , and using the evolutionary models from BaSTI (Pietrinferni et al. 2004) , we obtain masses at log T eff ≈3.86 of M ∼ 0.7 M ⊙ . True distance moduli obtained for each galaxy using this method are shown in column 5 of Table 8 , and are in good agreement with those described in the previous section.
The tip of the RGB
It is well established that the TRGB is a good standard candle thanks to its weak dependence on age (Salaris et al. 2002) and, in the I band in particular, on the metallicity (at least for relatively metal-poor systems, Da Costa & Armandroff 1990; Lee et al. 1993 ). The TRGB is frequently used to obtain reliable distance estimates to galaxies of all morphological types, in the LG and beyond (e.g., Rizzi et al. 2007; Bellazzini et al. 2011; Wu et al. 2014) . However, determining the cutoff in the luminosity function at the bright end of the RGB is not straightforward in low-mass systems, because more than about 100 stars populating the top magnitude of the RGB are required to reliably derive the location of the tip (Madore & Freedman 1995; Bellazzini et al. 2002; Bellazzini 2008 ). This condition is fulfilled only 10 And XVI only has 5 RRc stars in And I (>200), And II (>150), and nearly in And III (∼90). The low number of stars in the other three galaxies prevents us from deriving a reliable measurement of the apparent magnitude of the TRGB.
We applied the same method from Bernard et al. (2013) to determine the magnitude of the TRGB. We convolved the F 814W luminosity functions with a Sobel kernel of the form [1, 2, 0, 2, 1] . From the filter response function, we obtain the center of the peak corresponding to the TRGB of each galaxy: F 814W 0,AndI =20.45±0.09, F 814W 0,AndI =20.05±0.12, and F 814W 0,AndIII =20.25±0.19 mag, where the uncertainty is the Gaussian rms width of the peak of the Sobel filter response.
The distances were obtained from the TRGB magnitudes using three calibrations:
i) the empirical calibrations in the HST flight bands from Rizzi et al. (2007, R07) : 
iii) the theoretical calibration M F 814W
T RGB , as a function of the color (F 475W -F 814W ) 0 , obtained in this work by fitting the BaSTI predictions Pietrinferni et al. (2004 Pietrinferni et al. ( , 2006 for the TRGB brightness for an old (∼12 Gyr) stellar population, a wide metallicity range and an alpha-enhanced heavy element distribution 11 :
In the case of the Rizzi et al. (2007) calibration, we considered that F 555W -F 814W ∼ V -I 12 .
In fact, for both this calibration and that of Bellazzini et al. (2011) , we use the following equation to determine the expected (V -I) 0 11 We note that the zero-point of this theoretical calibration has been corrected in order to account for the impact on the TRGB brightness of more accurate conductive opacity evaluations. Following the results obtained by Cassisi et al. (2007) Table 8 give the values of the true distance moduli calculated using the previous relations for And I, And II, and And III. All three calibrations lead to distances that are in good agreement with each other and with the previously calculated RRL based distances. Table 8 , all the distances obtained from the different methods are in agreement within less than 1-σ with each other. The inclusion of the TRGB method in this study was mainly for checking the distances we obtained using the properties of the RRL stars with those assessed with this method. In fact, it is worth mentioning that since the TRGBs of these galaxies are not densely populated (we have 200 only for And I), this technique is secondary in our study, but it serves to show that the metallicity we have assumed for the old population is robust. The good sampling of our LCs together with the large amount of RRL stars in all these galaxies (with exception of And XVI), make them the best distance indicators that we have in these galaxies so far.
On the consistency of the different methods
As show in
We adopt the distances obtained with the PWR as preferred because: i) they are obtained with the RRL stars, ii) the PWR used for deriving them come from the most updated study (Marconi et al. 2015) , and iii) the systematic uncertainties are the smallest (see Table 8 ). Figure 10 summarizes the distance determinations derived in this work. In particular, the filled circles together with the dotted line show the adopted final distance measurement coming from the PWR ( § 6.2). Open circles show the results from the RRL-based methods presented in previous sections (see Table 8) , while the open squares show the TRGB distances. The plot shows that the agreement between the different methods presented here is remarkably good, as most of the derived distances agree within 1σ. Taking as reference the PWR distance, some general trends can be noted between the results of the different methods adopted. The distance derived using the LMR with the Bono et al. (2003) calibration provides marginally larger distances with respect to both the Clementini et al. (2003) calibration (in agreement with the difference in the zero point), and also with the distance obtained from the PWR. The FOBE distance is larger than the PWR distance in three cases (And III, XV, and XVI), and shorter for And II. Nevertheless, this method is the most sensitive to the sampling of the IS, and in particular the lack of RRL close to the blue edge of the IS introduces a bias toward larger dis- tances. The TRGB technique could only be applied to the three most massive systems. Interestingly, in the case of And II and And III the derived distance seems to be, on average, marginally smaller, independent of the calibration adopted. We note that in the case of And I the agreement between different indicators and methods is remarkably good. This is possibly linked to the fact that it presents the largest sample of RRL stars and the most populated TRGB region, thus suggesting that statistical fluctuations have a minimal effect. Koenig et al. 1993; McConnachie et al. 2004 McConnachie et al. , 2005 Letarte et al. 2009; Conn et al. 2012 ). This figure shows an overall good agreement with our estimates, within the uncertainties. We note that the TRGB tends to provide closer distances than the RRL and the HB luminosity, though it is still compatible within 1.5-σ. A couple of discrepant cases (And XV and XVI from Conn et al. 2012) can be ascribed to the sparsely populated bright portion of the RGB in these galaxies.
Comparison with previous works
7. OTHER VARIABLES 7.1. Anomalous Cepheid stars AC stars are variables stars in the core He-burning evolutionary phase at luminosity higher than RRL stars. Their periods range from ∼0.5 to ∼2.0 days and their masses are thought to be higher than 1 M ⊙ . In order to have ACs with such masses, two different channels are likely (Bono et al. 1997; Gallart et al. 2004; Cassisi & Salaris 2013) . They can be the progeny of coalesced binary stars, thus evolved blue straggler stars (BSS) tracing the old population (Renzini et al. 1977; Hirshfeld 1980; Sills et al. 2009 ). Alternatively, they can be an evolutionary stage of single stars with mass between ∼1.2 and ∼2.2 M ⊙ and age between 1 and 6 Gyr (Demarque & Hirshfeld 1975; Norris & Zinn 1975; Castellani & degl'Innocenti 1995; Caputo et al. 1999; Dolphin et al. 2002; Fiorentino et al. 2006) . In both scenarios, they trace the existence of a metal poor (Z<0.0006) stellar population thus providing sound constraints to the metal enrichment of the galaxy.
Typically, purely-old (age 10 Gyr) nearby LG dwarf galaxies host a few of them. However, they are very rare in GCs; so far, only one candidate has been confirmed in the metal-poor ([Fe/H] ∼ -2 dex) cluster NGC 5466 (Zinn & Dahn 1976) , and a few others have been suggested (Corwin et al. 1999; Arellano Ferro et al. 2008; Kuehn et al. 2011; Walker et al. 2017 ). On the other hand, large samples of ACs have been collected in the LMC (141) and in the SMC (109) in the framework of the OGLE-IV project (Soszyński et al. 2015) . In this context, it is worth mentioning that the work of Mateo et al. (1995) -updated by Fiorentino & Monelli (2012) collecting data from nearby dwarf galaxies, for which SFH is provided and ACs have been found (see their Figure 7 )-noted a correlation between the frequency of ACs and the total luminosity of the host galaxy; the frequency of ACs decreases for increasing luminosity of the host galaxy. Another parameter that seems to impact the ACs frequency is the SFH of the host system, with primarily old systems, or fast galaxies (as defined by Gallart et al. 2015) having a lower specific frequency of ACs compared to systems containing an important amount of intermediate-age and young populations (slow galaxies). Figure 1 shows the presence of a few variable stars located 1 to 2 mag above the HB. Given their pulsation properties, their position in the period-Wesenheit diagram (see e.g., Figure 1 in Fiorentino & Monelli 2012) , and the shape of their light curves, we classify them as ACs. In particular, a total of 15 ACs have been de-tected in the ACS field of And II, III, XV,and XXVIII. No ACs have been detected in And I, in agreement with Pritzl et al. (2005) , nor in And XVI. The lack of ACs in And I can be a hint of the fast chemical enrichment of this galaxy. This is supported by the high metallicity of this galaxy when compared with the remaining ISLAndS galaxies. On the other hand, And XVI has the proper mean low metallicity, but its low total mass is the most probable culprit for the lack of ACs. Interestingly, And XVI shows active star formation until about 6 Gyr ago, thus not extended enough to produce AC through the single star channel.
As none of the four ISLAndS galaxies where ACs have been detected shows evidence of star formation younger than 2 Gyr (Skillman et al. 2017) , it is unlikely that ACs come from the evolution of a young metal-poor star. The sequence of blue objects between the oldest MSTO and the HB are most likely blue straggler stars (BSS) descending from primordial binary stars of the old population in agreement with the SFHs obtained by Skillman et al. (2017) . Therefore we assume that the AC, here detected, are the progeny of coalesced binary stars (evolved BSS), thus tracing the old population (Renzini et al. 1977; Hirshfeld 1980; Sills et al. 2009 ).
From our sample, only four ACs were already known 13 : AndII-V083 (V14 by Pritzl et al. 2004 ), AndIII-V073, AndIII-V075, and AndIII-V105 (V01, V07, and V06 by Pritzl et al. 2005) . The LCs of all the ACs detected are shown in Figure 12 . The different shapes are an indication of different pulsational modes. However, the classification of the pulsation mode of ACs is not trivial and cannot be easily determined from the morphology of the LCs alone (Marconi et al. 2004) . Figure 13 shows the period-Wesenheit plane for the reddening-free index W(I, B-I) -which reduces the scatter due to the interstellar reddening and the intrinsic width of the IS -for the ACs of the LMC (open symbols) published by the OGLE collaboration (Soszyński et al. 2015) . This plot shows a clear separation between fundamental (F, black dots) and first-overtone (FO, open circles) pulsators for ACs. Therefore, ACs are defined by different PL relations, and fundamental and first overtone pulsation can also be distinguished in this way. We therefore overplot the 15 ACs found in this work with the aim of checking their nature and identifying their pulsation modes. The four ACs found in And II are represented by red circles, the four in And III by green squares, the four in And XV by orange diamonds and the three in And XXVIII by blue triangles. First, Figure 13 supports their classification as ACs. We note that only one star (AndXXVIII-V068) is somewhat distant from the bulk of the F mode ACs of the LMC. From an inspection of the light curve of this star (see Figure 12) , the lack of phase points close to the maximum light is evident. Therefore, the measurement of the mean magnitude of this star may be biased to brighter magnitude, as the fit with templates tends to overestimate the amplitude. Figure 13 indicates that the majority of the ACs (12) are pulsating in the F mode, and only three of them (AndIII-V075, AndIII-V105 and AndXXVIII-V060) are FO pulsators.
Eclipsing binaries candidates
For the sake of completeness, we report the detection of three EBs, one in And I and two in And II. Figure 14 shows their LCs, which in all cases show a minimum. For the three candidates the minimum occurs at the same phase in the two bands. This feature, together with the flat bright part of the light curves, the periods, and their position in the CMD support the classification as EBs.
The fact that only such a small number of candidate EBs was detected is due to both the relatively small number of points per light curve taken, the non-optimal time sampling for this kind of variable, and the limited region of the CMD that was searched for variables.
SUMMARY AND FINAL REMARKS
In this paper we have analyzed multi-epoch HST data for six dSphs satellites of M31 in order to study their population of variable stars. The main findings of the current study are:
• We have detected 895 variable stars in And I, II, III, XV, XVI, and XXVIII: 678 of them are new discoveries. In particular, we classified 870 RRL stars, 15 ACs, 3 EB and 7 field variable stars (5 of them probably belonging to the GSS of M31). Interestingly, no ACs were found in And I despite being the second most massive dwarf in our sample, which we interpret as a hint of the fast chemical enrichment of this galaxy.
• Pulsational properties (period, amplitude, mean magnitude) were derived for all detected variables. Moreover, we provide all the light curves and time series photometry.
• Using the properties of RRL stars, we derived new homogeneous distances to the six galaxies using three different methods: the period-Wesenheit relation, the metallicity-luminosity relation and the first overtone blue edge method. A fourth independent estimate was derived using the tip of the RGB for the three most populated systems. We find a satisfactory agreement both between different methods and with most of the estimates available in the literature. It is worth noting AndXXVIII-V068 p=1.389 Figure 12 . Light curves of member AC stars for four of the six ISLAndS galaxies in the F 475W (black) and F 814W (gray) bands. Periods (in days) are given in the lower-right corner, while the name of the variable is displayed at the top of each panel. Open symbols show the data for which the uncertainties are larger than 3-σ above the mean error of a given star; these data were not used in periods and mean magnitudes calculations. (Soszyński et al. 2015) . ACs discovered in our galaxies are represented by red circles (And II), green squares (And III), orange diamonds (And XV), and blue triangles (And XXVIII). The solid and dashed lines are the empirical period-luminosity relations obtained by Soszyński et al. (2015) for ACs in the LMC for the F and FO mode, respectively. AndII-V174 p=1.057 Figure 14 . Light curves of the three EB candidates detected in the field of And I and And II in the F 475W (black) and F 814W (gray) bands. Periods (in days) are given in the lower-right corner, while the name of the variable is displayed at the top of each panel. Open symbols show the data for which the uncertainties are larger than 3-σ above the mean error of a given star; these data were not used in periods and mean magnitudes calculations.
that those values obtained using the RRL stars are more accurate and precise. For these reasons, we adopted as final distance moduli those which are obtained through the period-Wesenheit relation, which are the most precise values and based in the most updated relation for RRLs to date.
• We have shown that, similar to MW satellites, the mean period of RRab variables of the six ISLAndS is close to 0.6 day, a value that is typical of Oointermediate objects. On the other hand, the distribution of RRL stars in the Bailey diagram is such that the majority of stars (∼80%) are distributed close to the locus of Oo-I type. And XXVIII appears to be a peculiar object, both because the RRab stars do not follow any Oosterhoff relation in particular, and because the fraction of RRc type stars is the largest among nearby galaxies.
• In spite of the slight difference in the HB morphology parameter (R HB ), when we restrict the comparison between M31 and MW systems to the properties of RRL stars only, we do not find significant differences between the two groups of galaxies. In particular, based on a sample of 16 satellites of M31 and 15 of MW, we find a similar trend between the mean period and the mean metallicity. This suggests overall similar characteristics of the oldest (> 10 Gyr) population in the two systems in agreement with what is discussed by Monelli et al. (2017) using the global period distributions of thousands of RRL stars belonging to faint and bright satellites of M31 and the MW.
To date, none of the known Local Group dwarf galaxies has a complete census of their entire population of variable stars. However, we are at the dawn of a new era for variability studies. Current and future surveys are about to bring an unprecedented amount of information on the variable stars populating the surroundings of the MW and of the Local Group. Gaia will bring the discovery of thousands of new RRL stars (G 20.7 mag) in the MW Halo (Clementini et al. 2016, DR1) and, in particular, will help us to complete the census of RRL stars in some MW satellites (Antoja et al. 2015) . Additionally, the LSST will produce a flood of data that will enable the discovery of a highly complete sample of RRL stars out to hundreds of kpc.
Finally, regarding RRL stars in the M31 satellites, the large number of dwarf galaxies discovered in this system during the last few years remain largely unexplored. The advent of the wide-field imaging capability of telescopes, such as WFIRST (with a field of view roughly 100 times greater than that of HST), could substantially accelerate these studies and offer us the possibility to understand the similarities and differences between the two systems of the Local Group: MW and M31 satellites.
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APPENDIX
A. OBSERVING LOGS FOR ISLANDS GALAXIES
This work is based on observations obtained with the ACS and WFC3 onboard the HST. These data were collected in different runs for each galaxy over about 2 and 5.3 consecutive days between 2013 October 4 to 2015 September 6 as part of a large HST proposal (GO-13028 and GO-13749, P.I.: E. Skillman). The observing sequence consisted of alternating ∼1100 s exposures in F475W and F814W for an optimal sampling of the light curves. The complete observing logs for And I, II, III, XV, XVI, and XXVIII are given in Tables A1, A2 , A3, A4, A5, and A6, respectively. These tables collect the name of the image (column 1) as it appears in the HST archive(http://archive.stsci.edu/), the date (column 2) and the UT start of each exposure (column 3) the filter used (column 4), and the exposure time (column 5). 
B. TIME SERIES OF VARIABLE STARS IN ISLANDS GALAXIES
The individual F475W and F814W measurements for all of the variables found in each galaxy of this work are listed in Tables B7, B8 , B9, B10, B11, and B12, respectively. C. COMPARISON WITH THE LITERATURE Figure C1 compares the periods of variable stars in common between our work and the published period for the three galaxies already studied in the literature (And I, And II and And III Pritzl et al. 2004 Pritzl et al. , 2005 , according to the labelled symbols. Pritzl's data for each galaxy consist in two data-sets separated by 4-5 days. In each data-set, they started observing first all the F 555W and then all the F 450W images. The cadence of the data depends on the individual case. For And I, the strategy was 3×F 555W (4×F 555W ) and 6×F 450W (6×F 450W ) in the first (second) set, with 1 image per orbit. For And II, the data were collected as 3×F 555W (4×F 555W ) and 7×F 450W (8×F 450W ) in the first (second) set, with 2 images per orbit. For And III the strategy was similar to that for And II, but collecting 4×F 555W and 8×F 450W in each data-set.
A total of 94, 69 and 54 stars (out of 100, 73 and 56 in their catalogues) were recovered for And I, And II and And III, respectively. The cross-identifications made between our catalogues and Pritzl's are shown in Tables C13,  C14 , C15. The small fraction of stars that were not recovered either appear as non variable in our data or fall in the ACS gap (see the column "Notes" of Tables C13, C14, C15). We note that the matching was complicated by the fact that the coordinates listed in the Pritzl catalogs were significantly offset, with different offsets for each WFPC2 chip, in particular in the case of And III. The comparison discloses a general good agreement (53% of the stars within a difference of 0.05 days and 80% within 0.1 days) though with a few outliers for which the period is significantly discrepant (20% have a difference larger than 0.1 day). However, this effect can be easily explained taking into account that HST observations may suffer from a strong aliasing introduced by the orbital time. By having more epochs and scheduling them to avoid redundant periods, our program strongly suppressed the effects of aliasing.
The aliasing effect is a very common error in signal treatment, as it happens whenever the original periodic signal (in our case, the light curve of the variable stars) is reconstructed using a discrete sampling. When a periodic signal of frequency f true is sampled with a frequency f sampling , the resulting number of cycles per sample is f true /f sampling (normalized frequency), and the samples are indistinguishable from those of another sinusoid (or periodic signal), called an alias, whose normalized frequency differs from f true /f sampling by an integer (see e.g., VanderPlas 2017). Then, we can express the aliases of frequency as f alias = |f true − N f sampling |, being N an integer. In this case, the calculation of the period can be affected by the HST orbital cadence of 96 minutes.
The curves overplotted on Figure C1 represent how the true period is affected by a cadence of 96 minutes. Interestingly, most if not all the discrepant points are explained by this aliasing effect. Taking into account the limited number of phase points in previous studies, and the optimized strategy of our observations, we suggest that has resulted in more precise period determinations. Nevertheless, this comparison also supports the quality of the previous analysis, given the observational material available. Figure C1 . Current period versus the period (top) and period difference (bottom) found by Pritzl et al. (2004 Pritzl et al. ( , 2005 for the 94, 69 and 54 stars matched in And I (black circles), And II (blue plusses) and And III (red open squares), respectively. The dotted curves in the top panel are the aliasing lines (see text). We have taken the HST orbital period (96 minutes) as f sampling and |N |= [1, 3, 6, 9, 15, 18] for obtaining these curves (aliasing lines). Note how the outliers follow the aliasing lines in most cases. This indicates the high probability that the offsets are due to aliasing. Stars from "AndI-V001" to "AndI-V0038" were detected in the WFC3 field, while stars from "AndI-V039" to "AndI-V314" were detected in the ACS field. Full version are available as Supporting Information with the online version of the paper.
D. PULSATION PROPERTIES OF VARIABLE STARS IN ISLANDS GALAXIES
The properties of the variable stars found in this work for And I, II, III, XV, XVI, and XXVIII are detailed in Tables D16, D17 , D18, D19, D20, and D21, respectively. The first columns give the identification number and the next two list the equatorial coordinates (J2000.0). Column 4 give the period of the variable in days, while columns 5 to 14 list the intensity-averaged magnitudes and amplitude in the filters F 475, F 814, B, V , and I, respectively. Last column displays the variable type. Stars from "AndII-V001" to "AndII-V0035" were detected in the WFC3 field, while stars from "AndII-V036" to "AndII-V260" were detected in the ACS field. Full version are available as Supporting Information with the online version of the paper. Stars from "AndIII-V001" to "AndIII-V114" were detected in the ACS field, while stars from "AndIII-V115" to "AndIII-V118" were detected in the WFC3 field. Full version are available as Supporting Information with the online version of the paper. 
